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/A What are we going to Learn Today? s

AJTEMIS

Where are we going?
* The Moon and Mars

Mission Operations
« Communications Time Delay

Artificial Intelligence Technology
* Planning
* Plan Execution
* Fault Management

Making it Happen!
» Helping Astronauts
« Making Spacecraft Smart
e ...and More!
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A Destinations: The Moon

AJDEMIS
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A Destinations: Near Earth Asteroids

AJDEMIS

“Distance:
" 3,600,000 Miles

]
\ l

T e

(285263) 1998 QE2

Time Delay:
14 seconds.one way
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A Near Earth Asteroids

AJDEMIS

ltokawa, 2007
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N Destinations: Mars

AJDEMIS

Time Delay:
2.5 minutes one way
(minimum!)

Create and Learn Presentation 2020 6



N Destinations: Mars

AJTEMIS

Time Delay:
24 minutes one way
(maximum!)
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A NASA’s Plan: Artemis
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A NASA’s Plan: Artemis

AJDEMIS

MARS 2020

FIRST PRESSURIZED e‘
FIRST HIGH POWER (%7 ARTEMIS 3: CREWED

C e EW MODULE
é, ARTEMIS 2: FIRST HUMANS TO ﬁgéﬁﬁ&%ﬂggp) BEUVERSD l%O MISSION TO GATEWAY
THE MOON IN THE 21st CENTURY - averem GATEWAY AND LUNAR SURFACE

ARTEMIS 1: FIRST HUMAN SPACECRAFT
TO THE MOON IN THE 21st CENTURY

- CLPS delivered science and technology payloads N

- Increased capabilities for science

e : : : and technology payloads
First robotic landing on eventual human lunar return and ISRU site First crew leverages infrastructure

- First ground truth of polar crater volatiles left behind by previous missions

LUNAR SOUTH POLE CRATER TARGET SITE
2019
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AN Communications

AJTEMIS

A Brief and Woefully Incomplete History:
« Stage Coach -1860 (weeks)
« Pony Express 1860-1861 (days)
« Telegraph 1861- (minutes)
* Trans-oceanic telegraph 1866
* Telephone 1876 (switchboards 1894)
« Fax 1964
 Electronic Mail (ARPANet) 1971
« Texting (SMS) 1994
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AN Communications

AJTEMIS

UNITED STATES POSTAGE

Voice,
Instant
Print,

Instant

Instant
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AN Communications

AJDEMIS

o) ATAT @ 10:59 PM

{ Messages _-_\-‘U_b_{)_,_[

That's 1 small step 4
man, 1 giant leap for
mankuhw

( ???]

Days

Minutes

Etupid gloves. ]
Voice,
Instant =
Print et .
Inst ’t - T~y
nstan “ ' oo —

—_— ;
Instant — - -
TR,
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A Mission Control Functions

AJTEMIS

Mission Control is:

 The Power Company
* The Plumber

 The A/C Repairman

* The Doctor

 The Phone Company
- Geek Squad A
.- ... PHYSICIAN
 Effective Mission Operations requires (OFHCE
COMMUNICATION!
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Phobos, MRO, “Houston, we have @
2008. problem...”




A Audience Participation Game!

AJTEMIS

Hello, Artemis, this is

Mission Control, Our toilet hasn’t
how can | help you? been working for
the last day.
When was the last

time you cleaned
the toilet?

We last serviced it
three weeks ago.

Have there been
any interruptions
in power?

No, the power
hasn’t gone out.
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AN Handling Communication Delay

AJTEMIS

How do we make the spacecraft smart?

How do we make the astronauts smarter?

Solution: Use Artificial Intelligence!
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\ Artificial Intelligence

AJTEMIS

What is Al?

Leading Al textbooks define the field as the study of
"Intelligent agents"”: an entity that perceives its
environment and takes actions that maximize its chance
of successfully achieving its goals.
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https://en.wikipedia.org/wiki/Intelligent_agent

A Planning and Scheduling

AJDEMIS

Purpose
« Build a plan by choosing activities to achieve goals.

7; Planning Systems Trajectory Engineering = References GoTo STS Gateway

e JEDI OSTPV PPCR
OSTP Onboard Short Term
Plan Viewer S
: . . MON = TUE WED THU FRI SAT SUN
[V]auto  Refresh I Prefs | Task List I Set Time | Real Time | LK | 026 087 | 088 085 030 091 092

=2 03 04q s 06 07 08 09
DT R el bR e e T ] B e vl B el e e Al B e e B e

1SS ORBITNU 2101 2102 2103 2104 2105

Cav 1 2 3 4 5

|

Attitude —fm J——pocKING AT T ——T i anvied s o
i

TDRSALL

GroundStation
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1SS CDR 4E DP 5P EPTK—TBC‘ISS—TK- EF’] PAQTK-1 ﬂ lEXERcrsE-TwI MIDDAY-MEAL

FE-1 roformolcfiss-TK-RNDZ-MON| PAO-THPAQTK-1 1T—SE—CONT—R AO sm1 MIDDAY-MEAL [ET)ETX
>S4OP [ﬂ IAQ I PPS] c[_s] PPS-DUAL ANGLE-EXE

el 13 B E el &

e %I]Epl_sj 51I‘I'K-12S-VHF-REIﬁ ! IC[;I1 IC&T C&lTj E]ILI-_J‘
L
EIE Bl
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uI r_>CA—MAlL—SY'1
KU-BD =

El
™

s

il |CERElEL
g |

« Applications: Planning astronaut activities, science experiments,
equipment maintenance.
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A Task Execution

AJDEMIS

Purpose
« Carry out a plan using an appropriate execution strategy.

~
B OO " @ 3.180) Avium 120 resup

« c localhost 8080/ webpd .
B webPD
Recommended Procedures 3.18(1) Atrium H20 resupply with A3 Failed High

Start Tue, 07 Aug 2012 212346 GMT

Objective
ACAWS has determined A3 falled high. Mitigate fallure by directing part of the flow through the aux line

(D))
#)3.18(1) Atrium H20 resupply with A3 Falle (D)
A
1.6 Manually Verify G2 CLOSED
1.7 Command C1 - CLOSED
1.8 Command C2 - CLOSED
1.9 Auto-Verify C1 - OFF (@)
1.10 Auto-Verify C2 - OFF @
1.11 Command A1 - SLOW (0.5

Completed Procedures

1.12 Command A2 - SLOW (0.5

1.13 Auto-Verity A1 - SLOW (0.5)
1.14 Auto-Vertty A2 - sSLow (0.5) (@)

1.15 if Supply Tank Level > 4500

| @ 1.15.1 alowable Flow Rate = 20 GPM
1.16 Eise

| @ 1.16.1 alowable Flow Rate = 26 GPM

NOTE

y Tank < 75%, alowable Flow Rate = 26 GPM
ank > 75%, alowable Flow Rate = 20 GPM

Tha foww fnad A« of S A N B ot D he

. Applications: Automating spacecraft systems, help astronauts perform
tasks, automating robots

Create and Learn Presentation 2020 21



A\ Fault Management

AJDEMIS

Purpose
« Monitor system to determine whether faults have occurred.

« Determine what faults have taken place.
« Assess remaining system capability.

B Sensors x | @ PDUL diagram & =0 x ’
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A A Word About Al and Math

AJTEMIS

These Al capabilities use a form of mathematics called
Automated Reasoning.

Example: How do we schedule activities ‘Take Picture’
and ‘Send Data to Earth’?

Each activity must fit in a ‘window’ of the ‘right color’,

and they may not overlap.
Star is Visible Star is Visible

Ground Antenna is Visible

Send Data To Earth Take Picture |
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A A Word About Al and Math

AJTEMIS

These Al capabilities use a form of mathematics called
Automated Reasoning.

Example: How do we schedule activities ‘Take Picture’
and ‘Send Data to Earth’?

Each activity must fit in a ‘window’ of the ‘right color’,
and they may not overlap.

Star is Visible Star is Visible

Ground Antenna is Visible

Send Data To Earth Take Picture |
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A A Word About Al and Math

AJTEMIS

These Al capabilities use a form of mathematics called
Automated Reasoning.

Example: How do we schedule activities ‘Take Picture’
and ‘Send Data to Earth’?

Each activity must fit in a ‘window’ of the ‘right color’,
and they may not overlap.

Star is Visible Star is Visible

Window

Ground Antenna is Visible
Small!

Send Data To Earth Take Picture |
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A A Word About Al and Math

AJTEMIS

These Al capabilities use a form of mathematics called
Automated Reasoning.

Example: How do we schedule activities ‘Take Picture’
and ‘Send Data to Earth’?

Each activity must fit in a ‘window’ of the ‘right color’,
and they may not overlap.

Star is Visible Star is Visible

Ground Antenna is Visible

I Take Picture Send Data To Earth
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A A Word About Al and Math

AJTEMIS

These Al capabilities use a form of mathematics called
Automated Reasoning.

S 12 Constraints
T1NY
2 NY

Variables (SHVE T: {1,2}
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A A Word About Al and Math

AJTEMIS

These Al capabilities use a form of mathematics called
Automated Reasoning.

S 12 Constraints

T1NY
2 NY
Variables (SHVE T: {1,2}
Search
Tree
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A A Word About Al and Math

AJTEMIS

These Al capabilities use a form of mathematics called
Automated Reasoning.

S 12 Constraints
T1
2

NY
Variables S: {1,2} T. {1,2}

‘Guess’
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A A Word About Al and Math

AJTEMIS

These Al capabilities use a form of mathematics called
Automated Reasoning.

S 12 Constraints
T1
2 NY

‘Propagate’
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A Putting All the Pieces Together

AJTEMIS

What is Al?

Leading Al textbooks define the field as the study of
"Intelligent agents"”: an entity that perceives its
environment and takes actions that maximize its chance
of successfully achieving its goals.
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https://en.wikipedia.org/wiki/Intelligent_agent

A Puttin

AJTEMIS

g All the Pieces Together

...perceives is
environment...

Impacts
Fault

Management \

... successfully
achieving its
goals...

Schedules

Execution Scheduling

Activity Start/End

Commands Goals Schedules

Create and Learn Presentation 2020
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A A Word on Software and Spacecraft v

AJTEMIS

Al software is implemented in many different languages.
C, C++, Java, Python...etc...
For spaceflight, software must run on special computers.

Al software also requires information from sensors,
which imposes design constrains on spacecraft...

lon Radiation Storms e- Radiation Storms

(&)

b/ »i, Internal et
<€~ SEPs o Charging Radiation Belts

Surface
Charging
Ring current,
Aurora,
Plasma sheet
(<100 keV)

Mission Concept/Planning/Design Mission Launch

Mission Operations Anomaly Resolution
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AJTEMIS

M = Powered Then
o0se Inhibit = NO Then

= Open Then #Logic Path for Success
CLOSE

OSE Within 2:00 Then

w,

1 Failure”

> M,q S-S‘/

Else

essage
End If
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A ‘Ground’ Testing

AJTEMIS
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A\ Ground Testing

AJDEMIS

Testin ’\g/é pacecraft
| Fault Management
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A Ground Testing

ARTEMIS

u Tag for “Next Worst Failure”
o conyng Child(ren) diagnosed 5
8 ey

Containg Chrldlren) dlagnosed asan
“Effect”
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A Testing onboard the ISS

AJDEMIS

Con,ﬂgure I

3\ '
Hardware ‘ :

= ):é},'

Create and Learn Presentation 2020




A Testing onboard the ISS

AJDEMIS

Caution 20 3 16Sep15 15:11:57

j

File Edit View History Bookmarks Tools Help
s WebPD | 4= |

L] localhost:8080/webpd & I-'" Google @, ﬂ:_}

el Tl

Procedure List | Telemetry | Help |

Bl | Procedurelis < 2.2 Activate Express Rack 7 @ ) o Elapsed: 00h:19m:46s Telemetry >

o —

| ' T — N— &
Ip [] 2.2 Activate E - )
” [ 2:3 Deastive Stop ’ HldeJ POWER_STATUSCODE RACK_PREVIOUSLY_P(q
i - 2] SMOKE_SEQUENCESTATE INACTIVE
i S TG s AR L, S0 LR SMOKE_STATUSCODE SMOKE_DETECTION_N
[
?ﬁ 6.3 If Telemetry Check Status Code was OFF-NOMINAL .. INITDRIVES_SEQUENCESTATE ACTIVE
P
lp INITDRIVES_STATUSCODE NO_ERROR
IN : . K
{ﬁ 6.4 Verify Telemetry Check Error Status — NOMINAL 0 e S e E ene
%ﬁ 7 Monitor Act Closeout Sequence TELEMETRYCHECK_STATUSCODE NOMINAL_TELEMETRY |
IN
IN 7.1 Verify Act Closeout Sequence State — NOMINAL Q TELEMETRYCHECK_ERRORSTATUS 28
{ﬁ ACTCLOSEOUT_SEQUENCESTATE INACTIVE
IN 7.2 Verify Act Closeout Status Code — NOMINAL @9
0 ACTCLOSEOUT_STATUSCODE NO_ERROR
7.3 If Act Closeout Status Code was OFF-NOMINAL ... J MANUALCONFIG_SEQUENCESTATE =~ INACTIVE —
s cowrie eTaTiononr — Ad
E:l—] 2 Anrtivata Manual Canfinniratinn Qannanca LI : L
Active Proc LOg - AMO_AMOMESSAGE % |ime(aMT)
6.2 |[AMO:ER7 SSPCM WATCHDOG TIMER DISABLED, CHECK VALUES 2015/259 15:10:02
6.2 |[AMO:ER7 UNEXPECTED PEHB LAN 0 PORT ENA/DIS, CHECK CONFIG 2015/259 15:10:06
22 Activate 0.2 |AMO:ER7 UNEXPECTED PEHB LAN 1 PORTS ENA/DIS, CHECK CONFIG 2015/259 15:10:10
6.2 |[AMO:ER7 UNEXPECTED PEHB LAN 2 PORTS ENA/DIS, CHECK CONFIG 2015/259 15:10:14
6 2 AMO:ER7 CONFIGURED FOR MRT, TELEMETRY CHECK COMPLETE 2015/259 15:10:29
AMO:ER7 SOME RACK CONFIG FILES FAILED TO LOAD 2015/259 15:10:33

[ start | PCS | &@¢| o] o] 2 o] [k [Serial 7
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A Testing onboard the 1SS

AJTEMIS

of Water Quality
Sampling
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A Testing onboard the ISS

AJTEMIS

Status Procedure Rationale

ISTAR Total Organic Carbon Analyzer: TOCA - Waste Water Baq  Required every 6 runs
Changeout (Med Ops 6.3.350) and prior to next run

ISTAR Total Organic Carbon Analyzer: TOCA - Water Sample Required weekly
Analysis Using TOCA Water Sample Hose (Med Ops 6.3.250)

Next Week (GMT 2014/349 - 2014/355)

= ISTAR Total Organic Carbon Analyzer: TOCA - Water Sample Required weekly

Requested
" Analysis Using TOCA Water Sample Hose (Med Ops 6.3.250)

Future Week (GMT 2014/356 - 2014/362)

o ed ISTAR Total Organic Carbon Analyzer: TOCA - Water Sample Required weekly
Analysis Using TOCA Water Sample Hose (Med Ops 6.3.250)

L b

ISTAR Total Organic Carbon Analyzer: TOCA - Water Sample Required monthly
Analysis From TOCA Sample Analysis Bag (Med Ops 6.3.300) (alternating between the
(for Hot PWD) hot and ambient ports)
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A Testing onboard the ISS

AJTEMIS
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A Conclusions and Future Work

AJDEMIS

NASA investments in Al technology will
augment crew expertise and knowledge,
reduce crew workload, and enable
efficient dormant o;{e ations.

These investments will, ultimately,
pave the way for future human
exploration of the Solar system.
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A Conclusions and Future Work

AJDEMIS

Significant challenges remain!

So Let’s Keep Working it!
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A More Resources!

AJTEMIS

Learn More About Artemis!
https://www.nasa.gov/stem/artemis.html

Artemis Hour of Code Challenges!
https://www.tynker.com/hour-of-code/nasa-moon-2-

mars

NASA K-12 Educator Resources!
https://www.nasa.gov/aeroresearch/resources/k-12
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